SUMMARY The Coanda effect has been known to mechanical engineers for many decades. Consideration of this effect both by a neurosurgeon and a mechanical engineer revealed that it might be of importance during the operative treatment of intracranial aneurysms. If a jet effect were produced in the stream of blood after clipping an aneurysm, most of the flow of blood might be directed down only one limb of a bifurcation occurring in a vessel near to a clipped aneurysm. Blood might also be entrained from the other limb of the bifurcation. This boundary wall effect, which can occur without the rate of flow through the vessel being altered appreciably, could explain some of the unfortunate sequelae of aneurysm surgery which occur in the absence of any obvious cause such as postoperative thrombosis, etc. A possible mechanism for some of the complications after gradual occlusion of the common carotid artery in the neck is also proposed on this basis. Other details of how this data might be of clinical significance, together with suggestions for how to avoid fluidic effects during aneurysm surgery, are presented.
There are many untoward results that may overtake a vessel which has been both the seat of an aneurysm and the site of an operative procedure. These happenings are usually associated with an unfortunate outcome for the patient. Although many causes for morbidity and mortality during or after aneurysm surgery are known-for example, rupture of aneurysm during operation, spasm, thrombosis, etc.-at least on some occasions, post mortem examination of the operation site reveals nothing untoward. This paper is a short analysis of some fluid mechanic effects that might help to explain an unsatisfactory result to an uneventful operation.
BACKGROUND
When a jet of fluid enters a wide vessel containing a similar fluid, it entrains the fluid and becomes broader as it moves downstream. The removal of fluid from the liquid surrounding the jet lowers the pressure between the jet and the side walls of the container. The low pressure zone that is produced induces a backward flow from the down-1 This work was carried out during the tenure of a grant from the Wellcome Trust. 804 stream area which is now at a relatively high pressure. If a disturbance causes the jet to move towards one wall, then the upstream area for replenishing the flow is reduced, and the counterflow is reduced. The opposite effect occurs on the other side of the jet, with the result that the jet is deflected still further until it is forced completely against one wall. Conditions are now stable and the jet remains attached to the wall. This is known as the Coanda or boundary wall effect (American Society of Mechanical Engineers, 1962; Kirshner, 1966) . Figure 1 shows a diagram of a symmetrical constriction in a 'Y' shaped tube system illustrating the normal flow of fluid and Fig. 2 only if the constriction is asymmetrical and situated very close to the splitter.
The distance between the jet and the splitter (AB in Fig. 1 ) can also be varied. The greater the distance AB, the more marked will be the fluidic effect up to a limit when AB is of the order of 10 times the diameter of the jet (D in Fig. 1 ). Values for AB above this will give progressively less effect. In the range of lower distances between jet and splitter, the Coanda effect will be very slight, but in the higher range, the flow becomes more and more bistable, and the signal 'S' in Fig. 2 If the internal dimension of the neck of an aneurysm is less than one and a half times the diameter of the parent vessel, and if a clip is placed too tightly at the base of an aneurysm so that encroachment upon the lumen of the parent vessel does occur, then the situation is markedly different, according to whether the clip be placed at right angles or parallel to the parent vessel. In the former case, the tension in the vessel wall from the clip will be very localized and will therefore cause the vessel to take a curve, with the concavity of the curve on the side of the vessel bearing the clip. This curve, however, will be of such a degree that it ensures that the diameter of the vessel is unaffected. In the latter case, however, the tension will be distributed along the length of the vessel just a little greater than that of the clip, and there will be no position that the vessel can take up which will nullify the effect of this constriction.
Since the velocity of flow through a vessel is proportional to the square of the diameter of the vessel, a comparatively small constriction can produce quite a marked jet effect. Furthermore, if the parent vessel is distorted during clipping of an aneurysm, then the constriction of the vessel will not be symmetrical. On the contrary, as the clip with the narrowed segment of vessel will be on one side of the vessel only, a jet will be produced which will already be stably applied to the opposite wall of the parent vessel. In other words, the signal 'S' in Fig. 2 (Fig. 3) her fluid may be entrained from the tericallosal artery, or the jet may be Lcross the anterior communicating the contralateral pericallosal artery. situations would cause ischaemia of nriate area-that is, the territory supie pericallosal artery on either sideof proportion to the comparatively -owing of the parent vessel caused by order to avoid this effect, an aneurysm Llly be clipped in a position half way ght angles to the anterior cerebral right angles to the anterior communiry. If this perfect result cannot be he clip should be so placed that any a produced would affect the anterior iting artery itself, as obliteration of obviates any fluidic effect occurring in CEREBRAL ARTERY In the case of an occurring at the trifurcation of the bral artery, Coanda effect would not wever, in the case of an aneurysm 'roximal to the trifurcation, it would nt to apply the clip at right angles to vessel. In the event of there being an cation of the middle cerebral artery quent secondary bifurcation of the nch, and an aneurysm occurring on x the proximal bifurcation, it can be seen (Fig. 5) that it would be a mistake to apply the clip at right angles to the first lesser branch. (Tindall and Odom, 1969) .
In fact, the clamp would produce a symmetrical constriction giving a central jet. However, if a deflecting signal ('S' in Fig. 2) were applied, the Coanda effect could be produced if the constriction of the common carotid artery were within about 6 cm of its bifurcation into the internal and external arteries. However, a deflecting signal could be produced by moving the clamp, and as the clamp passes through the muscles before emerging through the skin, there will be many things-for example, swallowing, changing the dressing, etc.-that by physically rotating the clamp would produce the necessary deflecting signal! Once the jet was deflected, the boundary wall effect would be stable so the jet would remain applied to the wall, even though the signal had been discontinued. It would, of course, be a matter of luck whether the jet of blood, stably applied to the wall of the common carotid artery, passed on up the internal or external carotid artery; in the case of the latter, a hemiparesis or hemiplegia, occurring at an unexpected time, would be explained. Blood would also be entrained from the other branch of the common carotid artery, so there would be no stasis giving rise to thrombosis either there or just beside the jet where the separation bubble ('L' in Fig. 2 (Hassler, 1961) . They occur, however, on the proximal carina, and are situated at the base of the branch rather than the end of the stem. In other words, they would not be expected to cause a jet of fluid that was applied to one wall of the stem to deflect back to the centre. On the other hand, these cushions are usually more than 1 mm thick, thus they might reduce the effective diameter of the branch so that the diameter of the jet at that point would exceed the diameter of the branch, and some spill over of blood would occur into the other limb of the bifurcation.
The second point concerns the relative weakness of the intracerebral vessel walls. The low pressure area beside the jet might tend to collapse these vessels, thus increasing the effective length of the stenosis, and abolishing the Coanda effect. In practice, this decreased side pressure tending to suck the vessel walls in would be more than balanced by the internal pressure tending to blow them out. An episode of postoperative hypotension, would of course be expected to abolish the effect.
CONCLUSIONS
Joint consideration of the Coanda effect between a neurological surgeon and a mechanical engineer has suggested that this might be one cause of unfortunate operative results in aneurysm surgery. The Coanda effect might occur as a result of distorting the parent vessel during clipping of an aneurysm and the consequence of this effect would be very marked even if the constriction of the main blood vessel caused by the clip were not enough to alter the flow rate through the vessel. Although much of this material presented is theoretical, in the case of high internal carotid artery aneurysms directly attacked, and slow occlusion by clamp of the common carotid artery in the neck, there is some clinical evidence that this effect might be significant. Be that as it may, the methods for applying clips in various situations to avoid this effect have been worked out and it should often be relatively easy to apply clips in this manner, thus avoiding any possibility of producing a fluidic effect.
